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(54) Apparatus and method for downhole too! actuation 

(57) Apparatus for activating a well downhole power 
unit (400) comprising: an external pressure source; a 
pressure responsive actuating switch mounted in the in- 
terior of the downhole power unit (400); a passageway 
to the actuating switch, connecting the external pres- 
sure source thereto; and a mechanically operated valve 
(300) interposed between the actuating switch and the 
external pressure source, the valve (300) being remote- 
ly operable between a closed position, sealing the ac- 
tuating switch from the external pressure source, and 
an open position in which the external pressure source 
communicates with the actuating switch. 
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Description 

[0001] The present inventions relate to improvements 
in the actuation of downhole tools in subterranean wells 
and methods therefor. 

[0002] The use of subsurface well bore devices such 
as plugs, safety valves, packers, and the like is well- 
known in the oil field art. Such tools are generally low- 
ered downhole by either a wireline or a working string 
and are typically configured with a fishing neck 318 to 
facilitate recovery at a later date. The tool is set at a 
chosen location and released, allowing the wireline or 
work string to be retrieved. 

[0003] Conventional methods of setting and retrieving 
such tools are performed mechanically by a work string 
or wireline or by electrically actuated power units. Elec- 
trically actuated power units commonly utilize a conduc- 
tor in the wireline to accomplish actuation by surface 
power, after the tool is properly positioned. Self-con- 
tained downhole power units, referred to as "DPUs," do 
not require electrical power from the surface and there- 
fore, permit using a slickline rather than a wireline. The 
use of downhole power units and slicklines is desirable 
because of their relative speed and efficiency of use and 
because slickline equipment is more widely available 
than wireline equipment. 

[0004] When a downhole power unit has been placed 
in the desired downhole working position, it may be ac- 
tuated in several different ways. A timer, accelerometer, 
pressure sensor, or combination of such devices can be 
used to initiate actuation. A pressure actuated downhole 
power unit may be activated by a pressure sensor, pre- 
set to sense a given well bore pressure, corresponding 
to the depth of the planned downhole operation. Once 
the expected pressure is sensed, a timer delays actua- 
tion of the downhole power unit sufficiently to allow for 
its final positioning. Although this method is successful 
in most installations, sometimes downhole conditions 
defy prediction and a miscalculation causes the opera- 
tion to fail. 

[0005] Therefore, there is need of a method and ap- 
paratus to provide for more positive and timely actuation 
of a downhole power unit than is possible by currently 
practiced methods and available apparatus. 
[0006] The present invention contemplates improved 
tool assemblies that achieve positive control of the pres- 
sure actuated downhole power unit by providing a sur- 
face controlled, mechanically operated valve to admit 
well bore pressure to the downhole power unit. Thus, 
with the present invention, the valve can be actuated 
from the surface to initiate a pressure and time se- 
quence when the downhole power unit is at the proper 
location. The valve is preferably mechanically operated 
and can be opened by a wireline or slickline operation. 
The valve is preferably opened by shearing a pin with a 
mechanical jarring action, allowing well bore pressure 
to communicate with a pressure actuated switch in the 
downhole power unit. After a short time delay, the se- 



quence for operation of the downhole power unit is ini- 
tiated. Thus, activation of the downhole power unit is 
controlled mechanically, from the surface, in a positive 
and time efficient manner. 
5 [0007] According to one aspect of the invention there 
is provided apparatus for activating a well downhole 
power unit comprising: an external pressure source; a 
pressure responsive actuating switch mounted in the in- 
terior of the downhole power unit; a passageway to the 
actuating switch, connecting the external pressure 
source thereto; and a mechanically operated valve in- 
terposed between the actuating switch and the external 
pressure source, the valve being remotely operable be- 
tween a closed position, sealing the actuating switch 
from the external pressure source, and an open position 
in which the external pressure source communicates 
with the actuating switch. 

[0008] In one embodiment, the apparatus further 
comprises mechanical jars for remotely operating the 
valve. 

[0009] In one embodiment, the valve further compris- 
es a valve seat body; and a valve seat fitted for axial 
movement within the valve seat body so as to provide 
a closed valve position and an open valve position. 
[0010] In one embodiment, the apparatus further 
comprises at least one shear pin holding the valve in the 
closed position. 

[0011] In one embodiment, the apparatus further 
comprises mechanical jars for cutting the at least one 
shear pin so as to remotely operate the valve. 
[0012] According to another aspect of the invention 
there is provided apparatus for activating a well down- 
hole power unit comprising: a downhole power unit as- 
sembly having a housing with a down hole end and an 
uphole end, the housing having an internally mounted 
pressure actuated switch and a port in communication 
with the pressure actuated switch; a valve mounted in 
the housing for movement between a position blocking 
flow through the port and a closed position passing flow 
through the external port to the downhole power unit; an 
activating plunger in the housing mounted for sliding 
movement between a first position to a second valve 
contacting position wherein the valve is displaced to the 
open position; at least one shear pin holding the activat- 
ing plunger in the first position; and shearing mechanism 
selectively operable to cut the shearpin so that the ac- 
tivating plunger can move to displace the valve to the 
open position. 

[0013] In one embodiment, the cutting mechanism is 
operable by mechanical jars. 

[0014] According to another aspect of the invention 
there is provided apparatus for controlling activation of 
a well downhole power unit comprising: a downhole 
power unit having a down hole end and an uphole end 
and an internally mounted pressure actuated activation 
switch; a housing having an internal chamber with a port 
communicating between the chamber and the extension 
of the housing, the housing chamber being connected 
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to said downhole power unit uphole end; an activating 
plunger fitted in the housing chamber for movement be- 
tween a first, passive position to a second, activating 
position; a retainer holding the activating plunger in the 
first position; and a valve mounted for movement within 
the housing chamber, the valve sealing against flow 
through the port to the activation switch when in a first 
position and passing flow to the activation switch when 
in a second position the valve being operably associated 
with the plunger whereby movement of the plunger will 
cause the valve to mate to the second position; 
[0015] In one embodiment, the apparatus further 
comprises means to move the plunger, which may com- 
prise mechanical jars. 

[0016] In one embodiment, the retainer comprises at 
least one shear pin. 

[0017] According to another aspect of the invention 
there is provided a method for starting operation of a 
self-powered well downhole tool in a cased well com- 
prising the steps of: providing a remotely controlled, me- 
chanically operated valve for selectively admitting well 
bore pressure to a pressure actuated switch for starting 
operation of the self -powered downhole tool; running 
the self -powered downhole tool to a positive stop at the 
desired working location; and operating the valve to ad- 
mit well bore pressure to the pressure actuated switch 
to start operation of the self-powered downhole tool. The 
positive stop may be provided by engaging the well cas- 
ing, by engaging a no-go configuration in the well cas- 
ing, or by engaging a pipe nipple in the well casing. 
[0018] Reference is now made to the accompanying 
drawings, in which: 

FIGURE 1 is a longitudinal view of a wireline tool 
string assembly in a subterranean well casing in- 
cluding a preferred embodiment of the mechanical 
switch adaptor, or valve, according to the present 
invention; 

FIGURE 2 is a longitudinal cross-section view of the 
valve of FIG. 1 as it appears prior to activation; 
Fl GURE 3 is a longitudinal cross-section view of the 
valve of FIG. 1 as it appears after activation; and 
FIGURE 4 is a transverse cross-sectional view tak- 
en at plane 4-4 of FIG. 2. 

[0019] The present invention is described in the fol- 
lowing by referring to drawings of examples of how the 
invention can be made and used. In these drawings ref- 
erence characters are used throughout the several 
views to indicate like or corresponding parts. In Figure 
1, one embodiment of a wireline tool string 100 for use 
in performing downhole well operations is shown. 
[0020] Tool string 100 in well tubing 110 includes a 
mechanical pressure actuation adapterorvalve assem- 
bly 300 connected to a conventional pressure actuated 
downhole power unit 400. Downhole power unit 400 in- 
cludes a port for communicating well bore pressure to 
an internal pressure actuated switch (not shown). Typi- 



cally, these pressure switches are adjusted for actuation 
by the pressure known to be present in the well bore at 
the depth of the selected location. 
[0021] As described hereinafter, valve assembly 300 
s of the present invention is connected to the downhole 
power unit to selectively block or open the port in down- 
hole power unit 400 with respect to well bore pressure. 
[0022] As illustrated, tool string 100 hangs downhole 
from slickline 120. A wire line socket 130 connects a 
length of pipe stem 140 to the slickline 120. Pipe stem 
1 40 is connected to mechanical jars 200. A knuckle joint 
225 connects mechanical jars 200 to a pulling tool 250. 
Valve assembly 300 is connected to the upper end of a 
conventional pressure actuated downhole power unit 
400. Knuckle joint 225 provides angular freedom to al- 
low downhole power unit 400 to centralize itself in the 
bore of well tubing 110, especially if a crooked or 'cork- 
screw' condition exists. Downhole power unit 400 is a 
self-contained downhole tool or borehole device, self- 
powered by energy stored in a spring, gas pressure bot- 
tle, or a battery as typified by the discbsure of U.S. pat- 
ent No. 5,492,173. 

[0023] To use the present invention, tool string 100, 
including pressure actuated downhole power unit 400, 
is made up and lowered into well tubing 110. Tool string 
100 is of the type that engages a positive stop, shown 
here as nipple or no-go configuration 150, at a prede- 
termined downhole working location. As will be de- 
scribed hereinafter, when in the unactuated (closed) po- 
sition, valve assembly 300 will isolate downhole power 
unit 400 from well bore pressure. When actuated (open), 
valve assembly 300 connects power unit 400 to well 
bore pressure. Valve assembly 300 is lowered downhole 
in the closed position. When appropriate, valve assem- 
bly 300 is moved to the open position so as to begin the 
actuation process of downhole power unit 400. \felve as- 
sembly 300 is moved to the open condition by a down- 
ward jarring force applied to the string by mechanical 
jars 200. Jarring down is accomplished by running slick- 
line 1 20 rapidly downhole so that the weight of pipe stem 
140 impacts against the retracted length of mechanical 
jars 200. In this manner, down hole power unit 400 is 
activated only after valve assembly 300 opens to place 
the downhole power unit in fluid communication with the 
well bore. 

[0024] By referring to FIGURE 2 details of valve as- 
sembly 300 will be explained. In FIGURE 2, valve as- 
sembly 300 is shown closed, or as it appears prior to 
activation. Valve assembly 300 comprises activating 
mandrel 310 fitted for axial movement within housing 
330. In the cbsed condition, mandrel 310 is temporarily 
fixed in position in housing 330 by a pin 306 designed 
to be sheared by downward jarring. Housing 330 has an 
axially extending, irregularly shaped chamber 332 ex- 
tending therethrough and a radially extending passage- 
way or port 333 extending through the wail of housing 
330. A circumferential downward facing internal shoul- 
der 334 is formed in the upper end of chamber 332. Ex- 
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ternat shoulder 312 on activating mandrel 310 engages 
internal shoulder 334 to transfer the weight of the down- 
hole portion of tool string 1 00 from mandrel 31 0 to hous- 
ing 330. 

[0025] Prior to actuation, activating mandrel 31 0 is re- 
tained in the illustrated axial position by shear pin 306. 
Shear pin 306 is mounted in radially extending bores in 
the walls of housing 330. Shear pin 306 extends through 
radial bores in mandrel 310 to hold the mandrel against 
shoulder 334. Set screws 307 close the outer ends of 
these bores and retain the shear pin 306 in place. When 
pin 306 is sheared, mandrel 310 moves downward in 
chamber 332 to the actuated position. 
[0026] The uphole end 31 4 of activating mandrel 31 0 
is connected to fishing neck 318 by mating threads 316 
and 320, on mandrel 310 and fishing neck 318, respec- 
tively. Set screws 313 in fishing neck 318 engage 
grooves in activating mandrel 310 to lock the threaded 
connection against rotation. 

[0027] Valve seat body 350 is mounted in chamber 
332 of housing 330 at a point below activating mandrel 
310. The lower end of chamber 332 includes internal 
threads 336. Internal threads 336 engage external 
threads 402 on the upper end of downhole power unit 
400. The threaded connection between housing 330 
and downhole power unit 400 is sealed by seal ring 404. 
The upper end 406 of unit 400 engages the lower end 
352 of valve seat body 350 to hold it in position in hous- 
ing 330. An upward facing, notched external shoulder 
354 on valve seat body 350 is held against internal 
shoulder 340 in chamber 332 by upper end 406 of down- 
hole power unit 400. 

[0028] Axial ly spaced annular seals 356 are mounted 
in grooves in the exterior wall of valve seat body 350 to 
seal the annular space between valve seat body 350 
and the wall of chamber 332. An unshown port is formed 
in the upper end 406 of power unit 400 and communi- 
cates with the internal pressure actuated switch of pow- 
er unit 400. It is to be noted that this port places the pres- 
sure activation switch of down hole power unit 400 in 
fluid communication with the lower end of chamber 332. 
As illustrated, the two spaced seals 356 are axially po- 
sitioned on either side of the port 333. Four circumfer- 
entially spaced, radial holes 358 are formed in the wall 
of valve seat body 350 and are axially positioned be- 
tween the seals 356. Annular recess 360 is formed on 
the outside surface of the valve seat body 350 to provide 
a fluid connection between port 333 and bores 358. 
[0029] Valve 380 is mounted for axial movement in an 
axially extending, irregularly shaped chamber 362, 
formed in valve seat body 350. Valve 380 is temporarily 
held in position in chamber 362 by one or more shear 
pins 364. Four radial shear pin holes 382 in the valve 
380 align with holes 358 in valve seat body 350. Three 
shear pins 364 (ref. FIG. 4) are mounted in three sets 
of the aligned holes 358 and 382 in valve 380 and valve 
seat body 350 respectively, to prevent movement of 
valve 380 in valve seat body 350. The fourth set of 



aligned holes 358 and 382 is left open to serve as a port, 
connecting port 333 with axial passageway 384 in valve 
380. During opening or activation of the valve assembly 
300, pins 364 are sheared, freeing valve body 350 to 

5 move axially downward in chamber 362. Shearing is ac- 
complished by downward impact of the lower end of 
mandrel 310 on the upper end of valve 380 during the 
jarring operation. As illustrated, the male portion 386, at 
the upper end of valve 380, telescopes into female por- 

10 tion 322 formed on the lower end of mandrel 31 0. 
[0030] There are two additional radial ports 388 and 
390 in the wall of valve 380, connecting to axial pas- 
sageway 384. Port 388 is positioned axially above shear 
pin holes 358, while port 390 is axially below these 

is holes. Port 333 is connected through open aligned holes 
358 and 382 to axial passageway 384 in valve 380. In 
the position illustrated in FIG. 2, annular seal 392 seals 
the upper end of the annulus formed between chamber 
362 and valve 380. It is also seen that annular seals 356 

20 seal chamber 332 with respect to external port 333 and 
that seals 394 isolate axial passageway 384 from valve 
seat body port 391 . Thus, external port 333, which could 
otherwise communicate with the upper end of downhole 
power unit 400 through annulus 398 and notched shoul- 

25 der 354, is isolated from downhole power unit 400. 
[0031] In FIGURE 3, valve assembly 300, of the FIG. 
1 tool string 100 is seen as it appears in the activated, 
open position. Here, activating mandrel 310 has been 
driven downward by fishing neck 318, under the impact 

30 of mechanical jars 200, so as to cut shear pin 306. As 
activating mandrel 310 moves toward valve 380, any 
trapped fluid within chamber 332 is displaced through 
radial relief ports 366 and out through axial passage 
368. This maintains the intensity of impact against valve 

35 380 for cutting shear pins 364 and shifting valve 380 to 
the position shown. In this position, well bore pressure 
passes through external port 333 to the downhole power 
unit 400. The flow path is as follows, well pressure en- 
ters through port 333, to open shear pin hole 358 and 

40 aligned hole 382, through axial passageway 384, 
through port 390 to port 391 and annulus 398, through 
notched external shoulder 354 and thence, to downhole 
power unit 400. Upon admission of well bore pressure 
into downhole power unit 400, the actuation sequence 

45 of downhole power unit 400 is initiated as is discussed 
in previously referenced U.S. patent no. 5,492,173, ex- 
cept without a time delay or, with the time delay set at a 
minimum value. 

[0032] FIGURE 4 is a view taken along plane 4-4 of 
50 FIG. 2, showing the cross-section of housing 330, valve 
seat body 350 and valve 380. The four shear pin holes 
358 in valve seat body 350 are seen to be in alignment 
with the four holes 382 in valve 380. Three shear pins 
364 extend through three of the four shear pin holes 358 
55 and aligned holes 382. Also seen here is the flow path 
through annular recess 360 and aligned open holes 358 
and 382 into axial passageway 384. 
[0033] The embodiments shown and described 
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above are only exemplary. Many details are often found 
in the art such as: wireline running and retrieving tools, 
packers, and the like. It will be appreciated that modifi- 
cations may be made to the invention described above. 



Claims 

1 . Apparatus for activating a well downhole power unit 
(400) comprising: an external pressure source; a 
pressure responsive actuating switch mounted in 
the interior of the downhole power unit (400); a pas- 
sageway to the actuating switch, connecting the ex- 
ternal pressure source thereto; and a mechanically 
operated valve (300) interposed between the actu- 
ating switch and the external pressure source, the 
valve (300) being remotely operable between a 
closed position, sealing the actuating switch from 
the external pressure source, and an open position 
in which the external pressure source communi- 
cates with the actuating switch. 



and an internally mounted pressure actuated acti- 
vation switch; a housing having an internal chamber 
with a port communicating between the chamber 
and the extension of the housing, the housing 

5 chamber being connected to said downhole power 
unit uphole end; an activating plunger (310) fitted in 
the housing chamber for movement between a first, 
passive position to a second, activating position; a 
retainer holding the activating plunger in the first po- 

io sition; and a valve (300) mounted for movement 
within the housing chamber, the valve (300) sealing 
against flow through the port to the activation switch 
when in a first position and passing flow to the ac- 
tivation switch when in a second position the valve 

15 (300) being operably associated with the plunger 
(310) whereby movement of the plunger (310) will 
cause the valve (300) to mate to the second posi- 
tion. 

20 7. Apparatus according to claim 6, further comprising 
means to move the plunger (310). 



Apparatus according to claim 1 , further comprising 8. Apparatus according to claim 7, wherein the means 
mechanical jars (200) for remotely operating the for moving the plunger (310) comprises mechanical 

valve (300). 25 jars (200). 



3. Apparatus according to claim 1 or 2, wherein the 
valve (300) further comprises a valve seat body 
(350), a valve seat fitted for axial movement within 
the valve seat body (350) so as to provide a closed 30 
valve position and an open valve position. 

4. Apparatus for activating a well downhole power unit 
comprising: a downhole power unit assembly (400) 
having a housing with a down hole end and an up- 35 
hole end, the housing having an internally mounted 
pressure actuated switch and a port in communica- 
tion with the pressure actuated switch; a valve (300) 
mounted in the housing for movement between a 
position blocking flow through the port and a closed 40 
position passing flow through the external port to the 
downhole power unit; an activating plunger (310) in 

the housing mounted for sliding movement between 
a first position to a second valve contacting position 
wherein the valve (300) is displaced to the open po- 45 
sition; at least one shear pin (306) holding the acti- 
vating plunger (310) in the first position; and shear- 
ing mechanism selectively operable to cut the 
shearpin (306) so that the activating plunger (310) 
can move to displace the valve (300) to the open so 
position. 

5. Apparatus according to claim 4, wherein the cutting 
mechanism is operable by mechanical jars (200). 

55 

6. Apparatus for controlling activation of a well down- 
hole power unit comprising: a downhole power unit 
(400) having a down hole end and an uphole end 



9. Apparatus according to claim 6, 7 or 8, wherein the 
retainer comprises at least one shear pin (306). 

30 10. A method for starting operation of a self -powered 
well downhole tool (400) in a cased well comprising 
the steps of: running the self-powered downhole 
tool (400) to a positive stop at the desired working 
location; and operating a remotely controlled, me- 
35 chanically operated valve (300) to admit well bore 
pressure to a pressure actuated switch to start op- 
eration of the self-powered downhole tool (400). 
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